Abstract: Waveforms of isolation calls emitted from hamster pups, which were Syrian hamsters, Djungarian hamsters, and Chinese hamsters, were compared in a basic study on improving reproduction by decrease of cannibalism, because it was reported that maternal behavior was induced by isolation calls in rodents. Isolation calls of hamster pups, isolated from their mother and receiving cold stress, were collected by Real-Time Spectrogram (RTS), and calculated to spectrograms and power spectra by SIGNAL. Isolation calls consisted of ultrasonic vocalizations (USVs) and audible vocalizations (ADVs) in each species. Waveforms of isolation calls emitted by the hamster pups, were shown to have several characteristic features. In this study, the species specificity of isolation calls was shown in hamster pups. It would seem that the species specificity originates in the differences of sensitivity to cold stress via the autonomic nerve in hamsters.
Introduction
It has been reported that rodent pups emit ultrasonic vocalization (USV) when separated from the nest [2] and exposed to cold stress [1] . Furthermore, in response to their isolation calls, it was demonstrated that nest building and retrieving behavior were induced in mothers in rats [1] , mice [16] and hamsters [14] . Thus, USVs emitted from rodent pups have been reported to be essential as a communication between rodent pups and their mother. Cannibalism is common, particularly From these findings, we expect that exposure to USV, recorded from pups, might reduce cannibalism in hamsters. Therefore, we investigated the isolation calls emitted from hamster pups and the difference of isolation calls in a family of hamsters, Syrian hamster, Djungarian hamster and Chinese hamster.
Materials and Methods

Animals
Syrian hamsters (Mesocricetus auratus, six litters), Djungarian hamsters (Phodopus sungarus, seven litters), and Chinese hamsters (Cricetulus griseus, five litters) were used for digital analysis at 3 days of age. From each litter, two pups, one male and one female, were selected randomly for the experiments. The mean body weight of the pups used was 4.4 ± 0.6 (S.D.) g in Syrian hamsters, 3.1 ± 0.2 g in Djungarian hamsters, and 2.6 ± 0.2 g in Chinese hamsters.
The lactation mothers were housed in polycarbonate cages (210 D × 370 W × 150 H mm), and provided with exclusive feed for laboratory animals (MB-1, produced by Funabashi Farm Co., Ltd., Chiba, Japan) and tap water ad libitum. The animal room was maintained at 24 ± 2°C temperature, 55 ± 10% relative humidity, and 12 hr artificial lighting from 07:00 to 19:00.
Measurement procedure
The pup was placed in a 500 ml glass beaker in isolation. Then, the glass beaker was put in an incubator to attenuate surrounding sounds and was placed on an ice bag (15 ± 2°C) for 5 min. The temperature of the beaker bottom was measured by Thermo-Hygrometer (TRH-CZ; Shin-ei).
Equipment to collect isolation calls of the hamster pups were set up as follows. A condenser microphone (Kunitachi Acoustic Lab., SF-12DC No. 1730) was located 5 to 8 cm above a pup placed in a glass beaker. The microphone was connected through a microphone amplifier (DIA Medical System) to a computer installed with Real-Time Spectrogram software (RTS, Engineering Design). The sensitivity of the microphone was -67.8 dB r.m.s. (0 dB = 1 V/µ bar) and the frequency response was within ± 0.5 dB in frequency range from 5 to 100 kHz. The sensitivity of microphone amplifier was set to 80 dB/DIV.
Sampling by RTS
A signal is input to the RTS through an analog to digital (A/D) converter, which "samples" the input signal by measuring its voltage at regular intervals and converts these voltages into numbers. This process is called sampling, the rate at which samples are taken is called the sample rate (in points/sec or Hz), and the resulting sequence of numerical values, representing the signal, is the sampled waveform.
Once digitized, time signals can be returned to analog form in order to record or listen to them. The sampled waveform is passed through a digital to analog (D/A) converter, which converts the numerical values to successive voltages. This is done at the rate at which the original signal was sampled, producing a sequence of signal voltages approximating the original signal.
Calculation of power spectrum
The power spectra of waveforms obtained from the hamster pups were calculated by a computer with SIG-NAL software installed. The smooth value of the spectrum line was set to 300 in SIGNAL (produced by Engineering Design).
Definitions of maximum frequency, bandwidth, and call length
Definitions of three parameters were applied to those reported by Okanoya and Yoneda [9] . The definitions are shown in Fig. 1 . 1) Maximum frequency (FMA) was the value obtained from the total power spectrum of an isolation call. 2) Bandwidth (BW) was also obtained from the total power spectrum of an isolation call. It was defined as the frequency range occupied by the isolation call at an energy level 15 dB below FMA. 3) Vocalization duration (VD) was obtained from the spectrogram of an isolation call.
Statistical analysis
Data were statistically compared by 2-way analyses of variance, and then the factors used were sex difference and waveforms. After that, Tukey's method was used for multiple range tests.
Results
Spectrograms
In this study, it was observed that the isolation calls contained both ultrasonic vocalizations (USV) and audible vocalizations (ADV) in Syrian hamsters, Djungarian hamsters and Chinese hamsters. Each typical waveform of USVs and ADV emitted from the pups of the three species are shown in Figs. 2 and 3 , respectively. By spectrogram analysis, waveforms of USVs in the Syrian hamster and Djungarian hamster consisted of one and two (D-I, II) patterns, respectively. However, waveforms of USVs were indistinct and disunited in Chinese hamsters. Appearance rates of these patterns of USVs were as follows: 12/12 in Syrian hamsters, 14/14 in D-I and 8/14 in D-II in Djungarian hamsters, and 5/10 in Chinese hamsters.
By spectrogram analysis, waveform of ADVs was of one type mainly in each species. Appearance rates of these patterns of ADVs were as follows: 12/12 in Syrian hamsters, 14/14 in Djungarian hamsters, and 10/10 in Chinese hamsters.
Comparisons of FMA, BW, and VD in hamster pups
The FMA, BW, and VD of typical USVs and ADV are shown in Figs. 4 and 5, respectively. There were no differences of FMA among the three species in both USV and ADV. The BW of USVs of the Syrian hamster was significantly the widest of the three species (P<0.05 -0.01). In addition, BW of ADV of the Syrian hamster was wider than that of the Djungarian hamster (both D-I and II) (P<0.05).
The VD of USVs of the Chinese hamster was shorter than those of the other species (P<0.01) and the VD of ADV of the Syrian hamster was significantly larger than those of the other species (P<0.01).
Discussion
Several characteristic waveforms of isolation calls (USVs and ADVs) in three kinds of hamster pups were observed in this study. The species specificity of isolation calls was demonstrated in hamster pups and the question addressed here is why there are differences in isolation calls among the three kinds of hamsters. The first possibility is that there are differences in larynx size, connected with growth, which cause the differences in isolation calls. In the present study, there were differences in the body weight at the age of 3 days among these hamsters, suggesting that the size of the larynx is different. Second, although not reported about hamsters, Ishii et al. [7] demonstrated that there were differences of sensitivity to cold stress in body temperature and heart rate between mice and voles. The emission of isolation calls, especially USVs began when the brown adipose tissue (BAT) of the pup began producing heat; oxygen consumption and respiratory rate also increased at this time [3] . The BAT thermogenesis can be activated by cold stress via the sympathetic nervous system [9] . On the other hand, the emission of USVs is related to the inferior laryngeal nerves, and inhibited by the section of inferior laryngeal nerves [12, 19] . The inferior laryngeal nerves are branched from the vagus [18, 19] . From these findings, the emission of USVs might be influenced by the activity of the autonomic nerve. Therefore, it would seem that the species specificity of isolation calls, observed in this study, originates in differences of sensitivity to cold stress via the autonomic nerve in hamster pups. Third, in the comparison with Syrian and Chinese hamsters, it was supposed that a difference in the respiratory pattern of the Djungarian hamster caused the emission of two USVs (D-I and D-II) since. Roberts [11] described that Mongolian gerbils, mice, and rats had three, two, and one respiratory patterns, respectively, in the production of USVs.
Finally, we showed that the isolation calls consisted of USVs and ADVs, and that the differences between USVs and ADVs were not only among frequencies but also in waveforms in the Syrian hamster, Djungarian hamster and Chinese hamster. Study of sound produc-tion using light gases showed that ADVs appeared to be produced by vibrating structures in the larynx, while USVs were produced by a different mechanism, probably a whistle [13] . The difference of the waveforms between USVs and ADVs might be caused by a difference in the production mechanism.
On the basis of the findings obtained in the present study, further study may lead to an improvement in the reproductive productivity of the hamster by preventing infanticide. 
